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ELECTRODE LAYOUT FOR BLOOD TEST
SENSOR STRIP

This application 1s a divisional of U.S. application Ser. No.
12/689,654, filed on Jan. 19, 2010, now U.S. Pat. No. 8,771,
202.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention 1s i the field of blood sample acquisition and
testing. In particular, the invention 1s directed to a sensor strip
used 1n a device that performs both a lancing operation to
acquire a blood sample and a measurement operation on the
sample 1n one user-initiated step. The strip 1s provided with a
plurality of test sites, and may be wound on a supply wheel
and fed through the device between the supply wheel and a
take-up wheel, so that a single strip may be used to obtain a
plurality of measurements.

2. Description of the Related Art

Self-monitoring of blood glucose generally requires the
user to extract a volume of capillary blood and place 1t on a
disposable element for analysis. Devices for lancing a subject
at an extraction site to obtain a small quantity of blood for
testing on a test strip are known 1n the prior art. For example,
U.S. Pat. No. 6,558,402, which 1s incorporated by reference,
discloses a lancer having suitable mechanisms for piercing a
subject’s skin and obtaining a sample.

Test strip sensing elements using amperometric and other
techniques for determining the concentration of blood glu-
cose 1n a blood sample are known 1n the prior art. U.S. Pat.
Nos. 6,143,164, and 5,437,999, incorporated by reference
herein, each disclose examples of test strip construction for
clectrochemical measurement of blood glucose.

The imntegration of lancing and sensing would be a desirable
advance 1n the self-monitoring of blood glucose. U.S. patent
application Ser. No. 12/502,594, filed Jul. 9, 2009, describes
such a “two-i-one” device, wherein a single test strip con-
tains a plurality of test sites, which can be advanced automati-
cally through a testing device. In this context, 1t would be
desirable to have a layout of electrodes and contact pads on a
test strip to permit automatic advancement of the strip
through the device, that would account for variations 1n align-
ment, and to eliminate transient signals as the strip 1s indexed
through different stop points 1n the lancing/sensing process
and on to the next test position on the strip.

SUMMARY OF THE INVENTION

According to the present invention, an elongated sensor
strip for use 1 a blood sample test device 1s provided com-
prising a plurality of test sites arranged in series 1n a travel
direction on the strip. Each test site includes a lancet hole,
clectrodes for determining a blood sample volume, and test
clectrodes for determining a blood sample characteristic.
Each test site on the strip comprises a non-conductive sub-
strate layer and a conductive layer, which 1s formed into
clectrodes and conductive pads (such as by etching non-
conductive lines 1n the conductive layer). The conductive
pads are aligned with device contacts 1n the blood sample test
device. A non-conductive layer 1s superposed on the conduc-
tive layer and has a window exposing a plurality of the con-
ductive pads.

The conductive pads of the sensor strip are preferably
tormed by depositing a conductive layer and etching lines to
form conductive pads 1n columns aligned with device con-
tacts 1n a blood test device. Rows of the conductive pads
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correspond to stop positions 1n the lancing/sensing operation
during which a blood sample 1s accumulated on the strip and
then moved to a position where a blood glucose measurement
1s taken. Horizontal traces in the sensor strip which connect
the electrodes on the strip with the conductive pads (which are
perpendicular to the travel direction of the strip) are covered
by a non-conductive cover layer, so that the horizontal traces
are not directly contacted by the device contacts as the strip
advances through the device.

A blood sample acquisition and sensing system according
to the invention comprises a housing containing device con-
tacts and the elongated strip having a plurality of test sites
arranged 1n series 1 a travel direction on the strip, as
described above. Fach test site includes a lancet hole, elec-
trodes for determining a blood sample volume, test electrodes
for determinming a blood sample characteristic, and conductive
pads aligned 1n columns with the contacts on the blood test
device for making electrical contact between the strip and the
device contacts. The system also comprises a lancet and lan-
cet 1njector, a motor for advancing the strip, and a processor.
The processor 1s adapted to process signals produced when
the device contacts make electrical contact with the conduc-
tive pads on the strip at stop positions in the lancing/sensing
process, and to communicate with the lancet injector, the test
clectrodes, and the motor. In a preferred embodiment, the
clements of the system, including the strip, lancet and lancet
injector, motor and processor are provided 1n a unitary hous-
ing which may be provided with user-operable controls and a
display.

A method for performing a plurality of blood sample
acquisition and testing procedures on a strip according to the
invention comprises the steps of: providing an elongated
strip, such as described above, having a plurality of test sites
arranged 1n series 1n a travel direction on the strip, wherein
each test site includes a lancet hole, electrodes for determin-
ing a blood sample volume, test electrodes for determining a
blood sample characteristic, and conductive pads for making
clectrical contact with a blood test sensor device; injecting a
lancet through the lancet hole at a first test site 1nto a subject
to obtain a blood sample contacting the strip; contacting the
blood sample with the electrodes for determining a blood
sample volume so that a signal 1s produced when a blood
sample volume 1s detected; advancing the strip responsive to
the signal produced when a blood sample 1s detected; con-
tacting the blood sample with the test electrodes to obtain a
blood sample characteristic signal; and advancing the strip to
a second test site.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 depicts a test site on an elongated sensor strip
according to an embodiment of the invention.

FIG. 2 depicts a matrix of showing the state of the elec-
trodes at each stop position of the strip during the lancing/
sensing process 1 an embodiment of the invention.

FIG. 3 depicts an embodiment of the system according to
the invention, in which the sensor strip, lancet and processor
are enclosed within a unitary housing.

FIGS. 4A, 4B, 4C and 4D depict layers of the test strip,
forming an exploded view of the structural features 1n a test
site.

DETAILED DESCRIPTION OF THE PR.
EMBODIMENTS

(L]
=T

ERRED

FIG. 1 schematically depicts a portion of an elongated
sensor strip 20 according to an embodiment of the invention,
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including the elements found 1n a test site. A plurality of such
test sites are provided 1n series along the travel direction 12 of
the strip. Thus, each test site includes a lancet hole 30, elec-
trodes 41, 42 for determining a blood sample volume, and test
clectrodes 43, 44 for determining a blood sample character-
istic, all of which are arranged on a non-conductive substrate
layer 50.

The material of the non-conductive substrate layer 1s not
particularly limited and may be, for example, polyethylene
terephthalate (PET) having a thickness 1n a range of about 5
mils to about 15 mils. The electrodes are preferably formed by
sputtering a metal, such as gold, to form a conductive layer
having a thickness 1n a range of about 50 Angstroms to about
2000 Angstroms, and etching a pattern to form the electrodes
and conductive pads. Conductive pads, such as pad 45, are
preferably formed from the same conductive layer by etching
non-conductive lines, such as line 35. Other conductive mate-
rials and/or methods of depositing and/or patterning may be
used. A non-conductive cover layer 90 forms a window,
depicted by dotted line 52, exposing the pads to the contacts
in the device as the strip 1s indexed through the device.

In a preferred embodiment, the horizontal traces, such as
trace 47 between conductive pad 45 and electrode 42 are
protected by the non-conductive cover layer 90 so that they
are not severed by the device contact, and to minimize noise
signals.

In a preferred embodiment, the leading edge of a first
conductive pad, which 1s defined by a non-conductive line, 1s
in front of a leading edge of another pad 1n the same row. In
this way, the order 1n which signals are collected from the
pads can be controlled. Thus, 1n each of rows 22, 23 and 24
(lance, detect, and acquire positions respectively); one con-
tact has a shifted leading edge. For example, the leading edge
of conductive pad 33 is behind the other pads 1n row 24 1n
respect of the travel direction, and 1s connected to the com-
mon ground. The leading edge of conductive pad 53 1s behind
pad 45 1n row 23 and i1s connected to the common ground.
Conductive pad 73 1s behind the pressure switch pad PS 1n
“lance” row 22. Pads 33, 53 and 73 are connected to a con-
ductor at column 28, which i1s contacted by a grounding
contact 1n the device to provide a reference. Column 28 1s
always grounded 1n the lance, detect, and acquire states rep-
resented by rows 22, 23 and 24. All of the conductive pads
preferably have a surface area in a range of about 1.0 mm”~ to
about 3.0 mm~.

The structural layers of the test strip form features typical
of an individual test strip, including a capillary channel and
reagent wells. U.S. application Ser. Nos. 12/502,594 and
12/502,585, both filed Jul. 9, 2009 by the Assignee herein,
and icorporated by reference herein, describe these details of
the strip structure.

Referring to FIG. 4A through 4D, FIG. 4D shows non-
conductive substrate layer 50 with a conductive pattern 69 of
pads and traces formed thereon. FIG. 4C shows a non-con-
ductive structural layer with the features of the reagent wells
92, 94 aligned with corresponding electrodes. FIG. 4B
depicts a spacer layer which forms a capillary channel
between the lancet hole and the wells. Top layver 4A forms
vent 96. The top layer, spacer layer and structural layer share
a window 52, which exposes conductive pads, but protects
hornizontal traces.

The conductive pads are arranged into columuns 25, 26, 27,
and 28, which are aligned with contacts 1n the device (not
shown), which press against the sensor strip as 1t advances
through the device. Rows of pads 21, 22, 23, and 24 corre-
spond to positions of the tape 1n the lancing/sensing process.
Lancet hole 30 1s provided so that a lancet 1n the device can be
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injected through the hole into a subject’s body. Sprocket hole
32 is provided 1n the strip so that a motor can control the
advancement of the strip through the device 1n precise incre-
ments using a sprocket mechanism.

In the course of using the sensor strip, a lancet 1s 1njected
through lancet hole 30 to obtain a blood sample. The blood
sample 1s collected 1n the space between electrodes 41 and 42,
which are connected by traces to conductive pads 49 and 45,
respectively. When sulficient blood sample 1s accumulated,
an electrical short 1s detected between electrodes 41 and 42,
and a processor signals the motor to advance the strip 1n
direction 12. Moving the strip causes the blood sample to be
conducted to the test electrodes 43 and 44 at the bottom of
corresponding reagent wells. Data from the electrochemical
measurement of the blood glucose content of the sample 1s
collected from signals generated by electrical contact made
between device contacts and associated conductive pads 34
and 37. This information i1s routed to the processor for display,
on the device housing or otherwise, and the sensor tape 1s
therealter advanced to the next test site on the strip so that the
lancing/sensing process can be repeated.

FIG. 2 depicts a matrix which describes the state of the
conductive pads at stop positions in the lancing/sensing pro-
cess. The matrix comprises rows 10, 14, 16, and 18, and
columns 11, 21, 31, and 41 corresponding to the conductive
pads 1n an exemplary embodiment of the invention.

FIG. 2 depicts three active states and a home position. At
the home position, depicted as row 10, first, third and fourth
conductive pads are grounded and the second conductive pad
1s unused because 1t 1s not needed. This 1s the state of the
device prior to conducting a lance operation. The device 1s not
used 1n the home state. When the system 1s activated, the strip
1s positioned so that pressure sensor PS on the strip can be
pressed against a subject’s skin. This 1s the lance position of
the strip, depicted as row 14, so that when the strip 1s 1n this
position, the third and fourth contacts are grounded and the
second contact 1s unused. At the lance position, the second
contact 1s unused due to the presence of the lancet hole 30. At
the detect position, 1n which a blood sample volume 1s
detected, the second contact 1s grounded, the first contact 1s
connected to the Top Detect Switch and the third contact 1s
connected to the Bottom Detect Switch, represented in row 16
(1.e., the electrodes for determining a blood sample volume).
When a blood sample creates an electrical short between
clectrodes 41 and 42 the switches in row 16 give the signal to
the processor. At the acquire position, represented by row 18,
the first contact 1s grounded, the second contact 1s cennected
to the “Rear Capillary Switch” and the third contact 1s con-
nected to the “Front Capillary Switch,” (i.e., the electrodes for
determining a blood sample eharaeteristie). The grounded
contact 1s routed to the common ground in column 28, to
minimize false readings. The signal for glucose reading pro-
duced by electrodes 43, 44 1s sent to the processor through
switches 1n row 18. Preferably, at least one of the test elec-
trodes 1s active so that a current can be passed through the
sample to obtain a blood glucose measurement.

The advancement of the strip 1s driven by a motor 1n
response to commands from a processor. A control system
stops the motor when a selected contact encounters the edge
of a grounded electrode. The sensor strip may be wound on a
supply wheel and taken up by a take-up wheel as the strip
advances through the device. Sprocket holes 32 1n the strip
ensure that the motor advances the strip in controlled incre-
ments.

As shown 1n an embodiment depicted 1 FIG. 3, a blood
sample acquisition and sensing system may combine the ele-
ments described above in a unitary housing 60. Thus, an
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clongated sensor strip 84, having the features described
above, may be provided to the housing on a supply wheel 54,
and as the strip 1s advanced through the device, the sensor
strip may be taken up on take-up wheel 56. Processor 82
communicates with a motor (not shown) to advance the strip,
preferably using sprocket on the strip, so that the incremental
advancement of the sensor strip 1s accurately controlled and
not atiected by the variation 1n the thickness of the layers of
sensor strip being wound around the take-up wheel 56. The
processor may communicate with user operable controls 64,
66, and a display 62 so that a user can conveniently control the
system for self-monitoring of blood glucose. The elements
are powered by any suitable power supply 80, such as a
battery. The processor 82 communicates with lancet injector
74 to 1nject lancet 72 through the lancet hole on the strip.

The above description of the preferred embodiments
should not be deemed as limiting the invention, which 1s
defined by the following claims. Features described in the
dependent claims are further aspects of the preferred embodi-
ments, which may be used 1n combination.

What 1s claimed 1s:
1. A method for performing a plurality of blood sample
acquisition and testing procedures on a strip

having a plurality of test sites arranged in series 1n a travel
direction on the strip, wherein each test site includes a
lancet hole, first electrodes for producing a first signal
when a suflicient volume of a blood sample 1s detected,
second electrodes for obtaining a second signal charac-
teristic of the blood sample, and a plurality of conductive
pads that are aligned 1n a matrix of rows and columns
and are aligned to make electrical contact with device
contacts on a blood test sensor device, wherein the con-
ductive pads for the first electrodes are electrically con-
nected thereto by respective conductive traces, wherein
the conductive pads for the second electrodes are elec-
trically thereto by respective conductive traces, and
wherein a leading edge 1n the travel direction of a first
conductive pad in arow 1s 1n front of a leading edge in the
travel direction of a second conductive pad in the same
row, comprising the steps of:
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injecting a lancet through the lancet hole at a first test site

into a subject to obtain the blood sample;

contacting the blood sample with the first electrodes;

advancing the strip 1n response to the first signal produced

by the first electrodes;

contacting the blood sample with the second electrodes to

obtain the second signal; and

advancing the strip to a second test site.

2. The method according to claim 1, wherein:

at least three separate rows of conductive pads correspond

to at least a lancing step position, a blood volume detec-
tion step position, and a blood characteristic sensing step
position of the strip 1n a lancing/sensing process;

at least four columns of conductive pads are aligned with

respective device contacts; and

at least two of the conductive pads 1n each said row are

grounded at each of said positions 1n the lancing/sensing,
process.

3. The method according to claim 2, further comprising the
step of

producing a signal corresponding to a home position when

clectrical contact 1s made with conductive pads 1n a
fourth row.

4. The method according to claim 1, further comprising the
step of detecting the pressure of the strip against the subject
prior to mnjecting the lancet into the subject.

5. The method according to claim 1, further comprising the
step of obtaining the first signal when a blood droplet bridges
a pair of first electrodes causing them to short.

6. The method according to claim 1, further comprising the
step of passing current through the blood sample to obtain the
second signal.

7. The method according to claim 1, wherein a non-con-
ductive cover layer 1s provided over the conductive traces.

8. The method according to claim 6, wherein the second
signal corresponds to an electrochemical measurement of
blood glucose.

9. The method according to claim 7, wherein the non-
conductive cover layer has a window to expose the conductive
pads to the device contacts.
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